In order to study hydrogen bonding networks in cyclic sulfin-and sulfonamides, X-ray structures were determined for 3-oxosultams 3a, c -e, 3-alkoxysultams 5b, f and 3-oxosultim 2f, all of which show predominantly weak intermolecular hydrogen bonds. The 3-oxosultam 3a forms tetrameric units by combining two symmetry-independent molecules through weak aromatic C-H···O-S-O hydrogen bonds without participation of the carbonyl groups. The 3-oxosultam 3c, with two chloro substituents in the N-aryl ring show a polymer arrangement of the molecules through intermolecular association of the SO 2 and CO groups also with the aromatic H-atoms of the aryl rings. Sultam 3d shows the first polymer chain in the 3-oxosultam series by the strong O-H···O=C hydrogen bonds without participation of the SO 2 group. Two new 'head-to-head' dimers with a 10-membered ring are found for 3-alkoxysultams 5b, 5f through weak C-H···O-S-O hydrogen bonds. In the 3-oxosultim 2f weak intermolecular hydrogen bonds are observed to form a two-dimensional network with the two methylene groups, the carbonyl function and the chloro atom but, surprisingly, without the strong S-oxide acceptor group.
Introduction
Isothiazol-3(2H)-ones and their metal salt complexes are effective industrial microbiocides because of their antibacterial and antifungal activities, particularly the 2-octyl-and mixtures of 2-methylisothiazol-3(2H)-one with 5-chloro analogue [2a] . Furthermore they are reactive intermediates in the synthesis of various organic substances [2b, c], including pharmaceutical chemicals [2d, e].
The 3-oxosultams are prepared by oxidation of isothiazolones with CPBA or by oxidation of 3-unsubstituted isothiazoles [3 -5] . A series of monocyclic 2-phenyl-isothiazol-3(2H)-one 1,1-dioxides were synthesized by oxidation of isothiazolium perchlorates [6] and the inhibition of the serine proteases cathepsin G, chymotrypsin and human leukocyte elastase (HLE) was verified [7] .
We have recently described the X-ray diffraction analysis of 3-hydroxy-and 3-hydroperoxysultims and -sultams, which are precursors of 3-oxosultams 3 [1] .
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We have found a variety of intermolecular contacts leading to 'head-to-tail' cyclodimers, tetramers, and polymers with strong intermolecular S-O···H-O hydrogen bonds and weak C-H··· O=C interactions.
In this paper, we wish to report on the synthesis and X-ray diffraction analysis of compounds 2, 3 with sulfonyl, sulfoxide and carbonyl group which are efficient hydrogen-bonding acceptors. 3-Alkoxy-sultams 5 were also included in the series. Although described in the literature [8, 9] , these compounds have not been thoroughly characterized yet.
We will show here how the three-dimensional structure of highly oxy-functionalized sultim 2 and sultams 3, 5 results from noncovalent interactions between molecules with predominantly weak hydrogen bonds.
Results and Discussion
The 2-aryl-3-oxosultams 3a [6d] and 3c -e are conveniently synthesized by the oxidation of isothi- The oxidation of salts 1 with magnesium monoperoxyphthalate (MMPP·6H 2 O) in alcohol (ultrasound, 50 • C) gives the 3-alkoxysultams 5b, f [8, 9] .
Physical properties and spectroscopic data of the novel 3-oxosultams 3c -e are described in the experimental part. The solid-state structure of the sulfonamides 3a, c -e is revealed with the aid of X-ray crystallography. The crystallographic data are presented in Table 1 , selected bond distances and angles in Table 2 . We compare the solid-state structure of these compounds with each other and with those of 2f [2c], 5b [8] and 5f [9] .
The structure of 3-oxosultam 3a is presented in Fig. 1 . The behavior of the two symmetry-independent molecules of 3a towards the hydrogen bonds varies. One of the independent molecules forms a dimer with centrosymmetrically related molecule through intermolecular hydrogen bonds C(10)-H(10)···O(1A)-S(1A) and C(10A)-H(10A)···O(1)-S(1) (Fig. 2) . The other molecule is connected to this dimeric unit by the hydrogen bond C(9)-H(9)···O(1 * )-S(1 * ) and these completes a tetrameric unit. The strong hydrogen bond acceptor of the C=O functional group is not involved. The interplanar angle between the N-aryl substituent and the isothiazole ring is 68.2 • in 3a and 65.7 • in 3a*. The 3-oxosultam 3c, with two chloro substituents at the N-aryl ring, is arranged as a polymer and indicates the intermolecular association between the O-atom of the SO 2 and CO groups and the H-atoms of the aryl rings (Fig. 3) . The o-chloro substituted N-aryl (79.5 • ) and also the 4-aryl ring (99.6 • ) are almost perpendicular to the isothiazole plane. Compound 3c builds up a complex three-dimensional network structure with weak hydrogen bonds. Each molecule contributes three hydrogen bonds (Fig. 3, molecule with atom S(1B) ). The hydrogen bonds over the C(15)-H(15)···O(3B) form a helix along the monoclinic b-axis, caused by the Interestingly, the 3-oxosultam 3d (Fig. 4 and 5) , with a 2-hydroxy substituent in the N-aryl ring, forms polymer chains through strong intermolecular C=O··· H-O bridges (2.829Å) in which the 2-OH sub- Fig. 6 . Molecular structure of 3e with labelling and displacement ellipsoids at the 50% probability level.
stituted N-aryl ring (96.1 • ) is perpendicular to the sultam ring (Fig. 5) . The chains are formed by a glide plane in the space group P2 1 /c and proceed in direction of the a-axis. The SO 2 group is not involved.
In the structure 3e (Fig. 6 ), only the intramolecular hydrogen bonds C(13)-H(13)···F (2) The bicyclic 1-oxide 2f (Fig. 7) shows intermolecularly stabilized associations with participation of the allylic methylene groups, the carbonyl group, and the chloro atoms (3.139Å and 3.848Å) in the three further molecules. Therefore the structure exists in the two-dimensional network with hydrogen bonds. The N-aryl group is 51.0 • out of the plane of the isothiazole ring. The connections of the molecules in the direction of the a-axis is built up by the atoms C(7F)-H(7F)···O(1E)-C(1E) by translation, and in the b-direction with the atoms C(4E)-H(4E)···Cl(1B) also by translation; the S-O bonds are not involved in the hydrogen bond system.
For a comparative study, we also investigated sultams 5b and 5f with 3-alkoxy substituents. Compound 5b forms, surprisingly, new 'head-to-head' dimers in the solid-state with a 10 membered ring stabilized through two interactions C(1)-H(1)···O(2A)-S(1A) and C(1A)-H(1A)···O(2)-S(1) related by the centre of symmetry inversion (Fig. 8) .
The sultam 5f forms also centrosymmetric 'head-tohead' dimers. These dimers are then translated along the a-axis by the slipping-mirror-plane a. For the sake of clearness, the p-chloro phenyl ring is not shown in Fig. 8 . The torsion angle between the isothiazole ring and the N-aryl substituent is 9.5 • in 5b and 12.7 • in 5f, respectively. In conclusion, the discussed sultams and the sultim were found to exist as centrosymmetric dimers, polymer structures and a two-dimensional network through predominantly weak intermolecular hydrogen bonds with participation of CO, SO 2 , aromatic CH, CH 2 groups, and also a chloro substituent.
The 3-oxosultams 3a and 3c form weak hydrogen bonds between the O-acceptor of the SO 2 group and the aromatic CH donor function of a aryl ring. If there is only one chloro substituent in the N-aryl ring, a tetrameric structure 3a is created by a second C-H··· O-S-O hydrogen bond, the strong O-acceptor of the CO group does not participate. In the case of two chloro substituents in the N-aryl ring and another 4-aryl substituent in 3c, the CO group forms additional hydrogen bonds with the aromatic CH function of the N-aryl ring. In 3-alkoxy sultams 5b, f, 1,1-dioxides without a CO function, intermolecular O-S-O···H-C hydrogen bonds to centrosymmetric dimers are also found.
Surprisingly, a two dimensional network with one weak C=O··· H-CH and another Cl··· H-CH hydrogen bond was found in the 1-oxide 2f. The participation of the SO group, a strong hydrogen bond acceptor, could not be observed.
The 3-oxosultam 3d shows the typical polymer structure through the strong O-H···O=C hydrogen bonds. 
Experimental Section
General. M. p.: Boetius micro-melting-point apparatus; corrected. IR spectra: Genisis FTIR Unicam Analytical System (ATI Mattson); KBr pellets; values in cm −1 . 1 H NMR: Varian Gemini-200 and Varian Unity-400; δ in ppm rel. to TMS as internal standard, J in Hz. 13 C NMR spectra: 50 or 100 MHz, recorded on the above-mentioned spectrometers. 19 , and the 3-alkoxysultams 5b, f in [8, 9] .
